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Tämä opinnäytetyö oli osa laajempaa projektia, jossa tutkitaan energian säästömahdolli-
suuksia pehmopaperin valmistuksessa. Projekti toteutetaan yhteistyönä Karlstadin yli-
opiston kemiantekniikan laitoksen, Metsä Tissuen, Metso Paperin ja Södran kanssa. 
Kuitujen entsymaattisen käsittelyn avulla on mahdollista vähentää jauhatukseen ja kui-
vatukseen tarvittavan energian määrää. Entsyymikäsittely tarjoaa myös mahdollisuuden 
kuitujen ominaisuuksien muokkaamiseen. 
 
Opinnäytetyön tavoitteena oli tutkia, onko entsyymikäsittelyllä vaikutusta kemikuuma-
hierteen jauhatukseen ja vedensitomiskykyyn. Työn tarkoituksena oli valita tutkimuk-
siin sopiva entsyymi, suunnitella tarkoituksenmukaiset koejärjestelyt ja toteuttaa kokeet 
laboratoriossa. Kokeellinen laboratorio-osuus sisälsi entsyymikonsentraation ja jauha-
tuksen vaikutuksen tutkimista kuitujen vedensitomiskykyyn. Tämä opinnäytetyö on 
osittain laadullinen ja osittain määrällinen. 
 
Tutkimus suoritettiin Karlstadin yliopistossa, Ruotsissa. Näytteiden valmistukseen kuu-
lui entsyymikäsittelyä valitulla endoglukanaasilla ja jauhatusta PFI-jauhimella. Valmis-
tettiin erilaisia näyte-eriä, joiden vedensitomiskykyä tutkittiin standardisoidulla sentri-
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tiin käytettyyn entsyymiin. Entsyymin tuotenimi on luottamuksellista tietoa.  
 
Tutkimus oli alustava selvitys, jonka tulosten perusteella päätetään jatkotutkimuksesta. 
Tutkimustulokset kannustavat jatkamaan tutkimusta entsyymien parissa. Jatkotutkimus-
aiheina esitetään muun muassa kokeita muutamalla eri entsyymillä, erilaisilla entsyymi-
konsentraatioilla ja retentioajoilla ja eri pehmopaperin valmistukseen käytettävillä kui-
duilla. Suotavaa olisi löytää mahdollisimman tehokas ja edullinen tapa entsyymikäsitte-
lyn toteuttamiseksi. On myös tärkeää tutkia, kuinka entsyymikäsittely vaikuttaa kuitujen 
fysikaalisiin ominaisuuksiin. Työn tulokset olivat niin lupaavia, että olisi mielenkiin-
toista viedä tutkimus tulevaisuudessa koetehdasympäristöön. 
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This study was a part of a project investigating energy efficiency in tissue  
manufacturing. The project is being executed by Karlstad University Department of 
Chemical Engineering in collaboration with Metsä Tissue, Metso Paper and Södra.  
Enzymatic treatment is a possible fibre treatment, which could reduce the energy  
needed in refining, as well as provide fibres with suitable properties for the final product 
while reducing the energy needed for drying.  
 
The objective of this bachelor´s thesis was to research if enzymatic treatment of chemi-
thermomechanical pulp fibres has any effect on the beatability and water retention  
value. These properties can be correlated to energy consumption in the manufacturing 
process. The purpose of this bachelor´s thesis was to find a suitable enzyme for this  
research, plan an appropriate experimental arrangement and carry out the laboratory 
experiments. The experimental laboratory work included researching the effects of  
enzyme concentration and moderate refining on water retention value of the fibres. This 
bachelor´s thesis includes both qualitative and quantitative features.  
 
The research was carried out at Karlstad University, Sweden. The preparation of pulp 
samples included enzyme treatment with the chosen endoglucanase and PFI mill  
treatment. The samples were investigated by measuring the water retention value 
(WRV) using the standardized method. The results suggest that enzymatic treatment has 
a positive effect on refining and the water retention value. These are promising results 
for the energy economy. Choosing the enzyme was a part of this study and this selection 
process is described in the thesis as well. The trade name of the enzyme used in the  
research is confidential.  
 
This preliminary study encourages further research. That could be run for example with 
a few different enzymes, using different enzyme dosages and retention times and  
different pulps that are used in tissue manufacturing. It would be beneficial to find the 
most efficient and inexpensive way to treat fibres with enzymes. It is also  
important to investigate the physical fibre properties after enzymatic treatment. The 
results of this study were so encouraging that it would be interesting to scale them up to 
pilot mill trials. 
Keywords: fibre modification, endoglucanase, CTMP, tissue, water retention 
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GLOSSARY 
 
 
CMP Chemi-Mechanical Pulp 
CTMP Chemi-ThermoMechanical Pulp 
ECU Endo Cellulase Unit 
ISO The International Organization for Standardization 
ML Middle Lamella 
P Primary wall 
S1/S2/S3 Secondary wall 
TAPPI  Technical Association of the Pulp and Paper Industry 
WRV Water Retention Value 
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1  INTRODUCTION 
 
 
This study was a part of a project, in which the aim is energy efficiency in tissue  
manufacturing. The project is being executed in collaboration with Karlstad University  
Department of Chemical Engineering, Metsä Tissue, Metso Paper and Södra. Refining 
and dewatering require a significant energy input in papermaking. In year 2010 the  
energy use in the pulp and paper industry in Sweden was 52 % of all energy  
consumption in the industry (Energimyndigheten 2012). It is globally important to try to 
pursue sustainable development in papermaking. Studies investigating the reduction of 
energy in the tissue manufacturing process indicate that as a consequence of selection of 
raw materials, optimizing the treatment of the fibres and using different additives in the 
process there will be improved dewatering, which leads to reduction of energy  
consumption during the manufacturing process (Kullander 2012, i, 33!34; Kullander, 
Nilsson, Barbier 2012, 143, 150). Improvements in the drying section lead to huge  
savings in the manufacturing process. 
 
One part of the energy efficiency project is to use enzymatic treatment on bleached 
hardwood and softwood pulps, and investigate dewatering and paper properties at low 
grammages, after moderate refining. Enzymatic treatment is a possible fibre treatment, 
which could reduce the energy needed in refining, as well as provide fibres with suitable 
properties for the final product while reducing the energy needed for drying. According 
to Lecourt, Meyer, Sigoillot and Petit-Conil (2010a, 441–446) the use of commercial 
cellulase treatment allowed an energy saving of 20 % in refining. According to Lecourt, 
Sigoillot and Petit-Conil (2010b, 1274!1278) it became possible to reduce refining  
intensity by 33 % when treating pulp with cellulase. Chemical engineering and  
biotechnology can offer potential tools for reducing the energy input in papermaking 
and providing environmentally friendly solutions.  
 
The objective of this bachelor´s thesis was to research if enzymatic treatment of CTMP 
fibres has any effect on beatability and water retention value. The purpose was to  
 
• find a suitable enzyme for the research  
• plan an appropriate experimental arrangement  
• carry out the laboratory experiments. 
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The experimental laboratory work included researching the effects of enzyme  
concentration and refining on water retention value. The topic of this thesis was  
outlined to one commercial enzyme and one pulp. The samples were investigated 
by determining the water retention value (WRV) using the standardized method (ISO 
23714, 2007). The estimation of the amount of energy, which could be saved by  
enzymatic treatment, was out of the scope of this study. The research was carried out at 
Karlstad University, Sweden. This was a preliminary study and depending on the results 
the decision of further studies can be made. The trade name of the enzyme used in this  
research is confidential. 
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2  THE STRUCTURE OF THE CELL WALL OF WOOD FIBRE 
 
 
The structure of the cell wall of wood fibre is presented in brief. This will enlighten the 
phenomenon described in the following chapters. Figure 1 shows the structure. 
 
 
FIGURE 1. The structure of the cell wall of wood fibre. The ML layer stands for middle 
lamella, the P layer stands for primary wall and the S layers stand for secondary walls 
(Niskanen 2008, 63) 
 
The middle lamella contains mostly lignin and it joins the fibres together. The primary 
layer is relatively thin. It contains mainly lignin but also some cellulose. The secondary 
layer contains lots of hemicellulose and cellulose but only a small amount of lignin. The 
chemical composition of lumen is not known very well. (Häggblom-Ahnger & Komu-
lainen 2006, 25.) 
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3  CHEMI-THERMOMECHANICAL PULPING 
 
 
3.1  Introduction to chemi-mechanical pulping 
 
Chemi-mechanical pulping was developed in the late 1970s. It involves a combination 
of a gentle chemical treatment stage and mechanical defibering. The properties of 
chemi-mechanical pulps are intermediate between mechanical and chemical pulps. 
Chemi-mechanical pulps can be divided into two subgroups: chemi-thermomechanical 
pulp (CTMP) and chemi-mechanical pulp (CMP). The chemical treatment stage prior to 
refining is milder in the CTMP process than in the CMP process. In chemi-
thermomechanical pulping pressurised refining is used, whereas in chemi-mechanical 
pulping refining can be done at atmospheric pressure. The yield in the CTMP process is 
typically more than 90 % whereas in the CMP process less than 90 %. (Lönnberg 2009, 
248.) Chemi-mechanical pulps are used in printing paper manufacturing, tissue  
manufacturing and fluff pulp (Häggblom-Ahnger & Komulainen 2006, 35). The CTMP 
pulping process provides excellent bulk properties of paper (Metso 2013).  
 
 
3.2  Chemical stage in chemi-thermomechanical pulping 
 
In CTMP pulping the chemical treatment is performed at a temperature range of  
120 °C ! 135 °C. The chemical stage is usually operated under slightly alkaline  
conditions and low chemical doses. In the pretreatment of softwood, alkaline sulphite is 
the most commonly used chemical. Pretreatment of hardwood generally includes alkali 
with or without sulphite or peroxide. (Lönnberg 2009, 251, 254–255.) The chemical 
pretreatment leads to softening of lignin because of reactions between sulphite and  
lignin. Softening and dissolution of lignin together with dissolution of carbohydrates 
weakens the middle lamella. The fibre wall becomes tougher and less brittle. This  
moderate alkaline treatment improves the strength properties: the cell walls fibrillate, 
but no rupture of the fibres occurs. (Lönnberg 2009, 254–255.) The goal in the chemical 
stage is to make the fibres easier to refine. 
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3.3  Mechanical stage in chemi-thermomechanical pulping 
 
The pretreatment stage conditions need to be chosen carefully to ensure an optimal 
degree of sulphonation of the wood chips when they proceed to the mechanical stage. 
The chemical modification of the wood matrix changes the fibre properties and affects 
in the refining process. (Lönnberg 2009, 254, 257.) Thermomechanical pulping means 
processing wood chips using mechanical movement and heat. The alkaline treatment 
prior to the mechanical stage clearly reduces the refining temperature (Lönnberg 2009, 
257). 
 
 
3.4  Fibre and pulp properties 
 
Because of the weakening of the middle lamella and the fibre wall, there are lots of  
undamaged long fibres after the CTMP treatment. Due to the alkali treatment, the fines 
content is lower in chemi-thermomechanical pulping than in purely mechanical pulping. 
In chemi-mechanical pulping the amount of shives, even at high freeness levels, is low 
in comparison to purely mechanical pulps. (Lönnberg 2009, 257–258.) Other benefits 
for using CTMP treatment are high brightness pulp at reasonable costs and increased 
strength compared with purely mechanical pulps (Smook 2002, 61). The light scattering 
efficiency is lower in CTMP treated pulps than in purely mechanical pulps, but higher 
than in purely chemical pulps (Häggblom-Ahnger & Komulainen 2006, 34). CTMP is 
also an inexpensive pulp.
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4  PFI MILL METHOD 
 
 
4.1  Introduction to fibre refining 
 
Refining can modify the properties of pulp fibres. The aim of fibre structure  
modification is to improve the paper strength, the formation of the paper, the  
smoothness of the paper surface or the optical properties of paper. Some primary effects 
during refining are 
 
• formation of fines 
• external fibrillation 
• internal fibrillation of fibre cell wall 
• changes in fibre curl 
• fibre shortening 
• release of organic substances. (Paulapuro 2008, 94, 96, 98–101.)  
 
The initial action in refining is to partially remove the primary cell wall of the wood 
fibre because it prevents the fibre from swelling (Smook 2002, 191). During refining, 
the primary wall is removed and the fibre surface becomes externally fibrillated. Fines 
are formed when particles are detached from the fibres. The external fibrils increase the 
forming of fibres by filling the voids between them. Fibre morphology naturally has an 
influence in external fibrillation. (Paulapuro 2008, 100.) The refiner bars shear and 
compress the fibres delaminating the cell wall. As a result, the fibres swell and the 
liquid, which surrounds the fibre, penetrates into the refined pores of the cell wall. This 
is called internal fibrillation. As a consequence of internal fibrillation, the fibres become 
flexible and the lumen may collapse. (Paulapuro 2008, 96, 98.) Ribbon-like, 
conformable elements are created (Smook 2002, 193). The history of pulp fibre  
treatments affects their swelling (Paulapuro 2008, 96, 98). 
 
Sulphate pulping, bleaching, mixing and pumping actions and other process operations 
cause damage to the fibre. The fibre becomes twisted and dislocated. Curled fibres give 
lower tensile strength than straight ones. With low-consistency refining, it is possible to 
straighten the fibres. In high-consistency refining, the fibres are curled. (Paulapuro 
2008, 98.) Low-consistency refining shortens the fibres. Fibre shortening is not 
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necessarily a desirable effect because it contributes to loss of strength and slower  
drainage. (Smook 2002, 193.) On the other hand, a cutting action improves formation, 
smoothness and tightness of the web (Häggblom-Ahnger & Komulainen 2006, 113). 
 
Fibres release colloidal and dissolved material into the water that surrounds the fibre 
when refining organic substances (Paulapuro 2008, 101). This phenomenon is strongest 
at the beginning of the refining and levels off during the procedure. The organic  
substances could be lignin, hemicellulose, extractive agents, carbohydrates and  
lignocellulose. Low-yield pulps release the lowest amount whereas high-yield pulps 
release the highest amount of material. (Paulapuro 2008, 101.) The released colloidal 
substances interfere with the paper manufacturing process and cause trouble with 
industrial effluents (Häggblom-Ahnger & Komulainen 2006, 114). 
 
 
4.2  Principle of PFI mill method 
 
The PFI mill operates at 10 % stock consistency (Paulapuro 2008, 113). The  
disintegrated pulp is thickened using a Büchner funnel. The pulp at specified stock  
concentration is transferred to the beater housing and beaten with a roll with bars. The 
house and the roll both rotate in the same direction but at dissimilar peripheral speeds. 
(ISO 5264-2 2002, 1.) 
 
 
4.3  The PFI mill  
 
The PFI mill is classified as a modern low-consistency laboratory refiner. Laboratory 
refiners were developed in the 20
th
 century to make refining experiments in a smaller 
scale. Studying refining at mill and pilot scale was expensive and demanding. The PFI 
mill is one of the most commonly used laboratory refiners although it does not simulate 
industrial scale refining very well. Refining with the PFI mill gives milder impacts and 
the intensity is lower than in an industrial scale refiner. In addition, the process control 
capabilities are limited in the PFI mill and it makes it impossible to compare refining 
experiments to a mill refiner. (Paulapuro 2008, 113.) 
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5  WATER RETENTION VALUE 
 
 
5.1  Introduction 
 
The water retention value consists of the water between the fibres, in external fibrils, in 
the fibre cell wall and in the lumen. This water cannot be removed by centrifuge  
filtration treatment. (Paulapuro 2008, 98.) The structure of the cell wall and the changes 
in it determine how much the fibre swells in water (Niskanen 2008, 61).  
 
The water retention value indicates the swelling degree of fibres. The internal  
fibrillation and chemical composition of pulp fibres affect their swelling degree. Lignin 
inhibits fibre swelling and hemicelluloses promote it. Mechanical pulps commonly 
swell less than chemical pulps due to the inhibiting effect of lignin. Beating further  
increases the swelling of chemical fibres. Refining usually increases the water retention 
value with mechanical pulps mostly because of increased fines content rather than  
increased fibre swelling. (Niskanen 2008, 73–74.) The WRV-value increases with  
increasing beating due to internal fibrillation and the development of external fibrils, 
which hold additional water (ISO 23714 2007, v).  
 
The water retention value test result may be beneficial for a pulp producer as a guide to 
the influence of the pulping process on the produced fibre, the papermaking potential of 
the pulp as well as a measure of the effectiveness of pulping and refining (ISO 23713 
2007, v). The result also indicates how much water remains before the vacuum  
dewatering. 
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5.2  Principle of water retention value 
 
A pulp fibre test pad is formed from diluted stock, which concentration is 5 g/l. The 
pulp suspension is filtered in a Büchner funnel and centrifuged under specific  
conditions. A pad of pulp fibres is formed on a wire screen. The pad is then weighed, 
dried and weighed again. The water retention value indicates the capacity of a test pad 
of fibres to retain water. The WRV changes in the course of treatments. (ISO 23714 
2007, 3!4.) In addition to the international standard ISO 23714, there is also TAPPI 
Useful Method for measuring the water retention value. TAPPI is mainly applied in the 
USA and the method is based on a lower centrifugal force. 
 
 
5.3  Apparatus 
 
The apparatus needed for determining the water retention value includes seven  
components: weighing bottles with lids, a Büchner funnel (or similar), wire cloths, test-
pad-holding units, a suction flask connected to a water suction pump, a centrifuge and 
an oven capable of maintaining 105 °C. To form a vacuum filtration, the water suction 
pump is connected to the suction flask, which is then applied to the Büchner funnel. The 
centrifuge has a swing-out rotor that positions the centrifuge buckets at a horizontal 
plane and so the test pad will be formed at the bottom of the test-pad-holding unit. (ISO 
23714 2007, 2.) 
 
The method for determining the water retention value is standardized. The centrifuge 
equipment used in this experiment was manufactured by Hettich according to the  
standard. WRV was measured with a Universal 320R centrifuge. The test-pad-holding 
unit, the centrifuge bucket and the swing-out rotor are demonstrated in figure 2. (Hettich 
Lab Technology 2012, 2.) 
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FIGURE 2. a) Test-pad-holding unit b) Centrifuge bucket c) Swing-out rotor (Hettich 
Lab Technology 2012, 2!3, modified) 
 
 
5.4  Calculations 
 
The water retention value equals to the ratio of the mass of water retained after  
centrifugation the wet pulp sample to the oven-dry mass. The WRV value is calculated, 
in grams per gram, using the equation (1). 
 
 ,          (1) 
 
in which 
 is the mass of the centrifuged wet test pad in grams and 
 is the mass of the dry test pad in grams (ISO 23714 2007, 4). 
 
The mean of the randomly chosen duplicates is calculated and the result is reported with 
two decimals. The results of the duplicates should not differ more than 5 % from their 
mean. (ISO 23714 2007, 4.)  
WRV =
m
1
m
2
-1
m
1
m
2
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6  CHOOSING THE ENZYME FOR THE RESEARCH 
 
 
Choosing the suitable enzyme and planning the experimental arrangement was a big 
part of this research. The process followed the classical Deming cycle, which is used in 
quality management and which is followed also in some qualitative research projects. 
The idea is to ensure continuous improvement through consecutive rounds of the cycle. 
(Bergersen 2003, 21.) Figure 3 shows how the research and decision-making proceeded 
at this working stage. Planning means the planning of the experimental arrangement 
including materials and methods, which was the goal for this process. The background 
research included searching for and reading articles about enzymatic treatment of pulp. 
Previous studies were as a pointer to the selection of the enzyme and they deepened the 
knowledge of how enzymes react. Discussions with the experts at the Department of 
Chemical Engineering guided the planning. Knowledge on enzymes grew and the  
experimental arrangement became more precise after every rotation of the cycle and the 
objective gradually gelled into the implementation of the plan. 
 
 
FIGURE 3. The process of choosing the enzyme and planning the experimental  
arrangement 
 
Four rounds of the cycle were carried out altogether. After each round, the decision of 
the suitable enzyme became clearer. Eventually, after the four rounds, the decision to 
use endoglucanase in the research was made.  
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The literature research included articles that dealt with enzymatic applications in tissue 
manufacturing aiming at lower energy requirements. Research has indicated that  
enzymatic treatment of fibres has a positive influence on dewatering and refining 
(Wong & Mansfield 1999, 411!412; Michalopoulos, Ghosh & Murdoch 2005; Kim, Jo 
& Lee 2006, 578, 580!583; Blomstedt et al. 2010, 1164, 1167!1177; Lecourt et al. 
2010a, 441!446; Lecourt et al. 2010b, 1274!1278; Singh & Bhardwaj 2010, 109!115; 
Loosvelt 2011, 415!416, 419, 422!423, 434!435; Oksanen, Edelmann, Kataja-Aho & 
Suurnäkki 2011, 787!795). Background literature research also indicated that when 
cellulase mixtures have been applied to enhance the dewatering properties of the pulp, it 
has been observed that the effect is mainly caused by the endoglucanase fraction of the 
mixture (Oksanen et al. 2011). The background research included articles about  
microscopic analysis of fibres after enzymatic treatment. The effects of enzymatic 
treatment can be seen in the structure of the cell wall of wood fibre (Eriksson, Hollmark 
& Pettersson 1969, 551!552; Boutelje & Hollmark 1972, 76, 78!81; Dickson & Wong 
1998, C183!C186; Liu et al. 2009, 274–281). Issues on enzymatic fibre modification 
for enhancing tissue properties were also included in the background research. The  
benefits of enzymes used for fibre modification have been proven (Wallace 2006, 
65!66, 75!77, 123!124; Loosvelt 2009, 20!22; Wheeler 2009).  
 
Finding the best possible enzyme is not always easy and usually requires several trials 
in the laboratory. For example the fibres, the conditions and the mechanical impact all 
have an influence on the performance of the enzyme. The supplier of the enzyme  
suggested how to compose the test conditions when this specific enzyme would be  
studied: 
 
• Temperature 45 °C. 
• pH 6–8. 
• Consistency 5 %. 
• Retention time 60 minutes or more. (Pedersen 2012.) 
 
Most enzymes are proteins. Their activity is affected by chemical environment,  
temperature, concentration of substrate, etc. Enzymes may lose activity or even be  
denatured when subjected to unfavourable conditions. The endoglucanase activity is 
expressed in endo cellulase unit per gram of dry pulp (ECU/g). The supplier of the  
20 
 
enzyme recommended the enzyme dosage levels. The supplier also reminded that more 
is not always better and that cellulases can be overdosed. The supplier indicated that 
500 ECU/g would lead to an overdose. (Pedersen 2012.) 
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7  CELLULASE TREATMENT OF FIBRES 
 
 
7.1  Cellulases 
 
Wood, from which most paper is made, consists mainly of three polymers: cellulose, 
lignin and hemicellulose. The cellulose molecule is a linear polymer of glucose units 
linked together by !-1,4-glycosidic bonds (figure 4).  
 
 
FIGURE 4. The cellulose molecule (Campbell & Farrell 2012, 469) 
 
The bonds are stable and strong under various conditions. However, cellulose can be 
degraded biologically and non-biologically. In nature, enzymes can degrade cellulose. 
The hydrolysis of !-1,4-glycosidic linkages are catalysed by enzymes known as  
cellulases. There are several kinds of cellulases and they are divided into two broad 
groups, endoglucanases and exoglucanases, according to their capacity to cleave the  
!-1,4-glycosidic linkage. (Wertz, Bédué & Mercier 2010, 21, 209–210.)  
Endoglucanases randomly break internal bonds at amorphous regions in the middle of 
cellulose to expose individual polysaccharide chains generating oligosaccharides of 
various lengths. Exoglucanases on the other hand cleave units from the ends of the  
cellulose chains. (Bajpai 2012, 159.) This process is demonstrated in figure 5. 
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FIGURE 5. A representation of the hydrolysis of cellulose by cellulase systems. The 
open squares represent non-reducing ends and the solid squares represent reducing ends 
(Lynd, Weimer, van Zyl & Pretorius 2002, 512) 
 
There are several types of endoglucanases and exoglucanases. Mainly they are produced 
by microorganisms such as fungi, bacteria and protozoa, but also by some invertebrate 
animals and plants (Wertz et al. 2010, 210). Cellulases are hydrolases, which catalyse 
the hydrolysis in the cellulose molecule. In the pulp and paper industry the cellulases 
are used for drainage improvement, deinking, tissue and fibre modification and refining 
energy reduction. Enzymes applied in the pulp and paper process provide  
environmentally friendly solutions and reduce production costs. (Novozymes 2010, 8, 
21.) 
 
 
7.2  Effects of cellulase treatment on beating and water retention value 
 
In 1968 a research about enzymes promoting beatability and drainage was patented 
(Yerkes 1968, 4). Enzymatic applications in the pulp and paper industry, especially  
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fibre modification, are a rather new research subject. Since the mid 1980s, the use of 
enzymes has grown steadily in pulp and paper industry. Understanding how enzymes 
react with the fibre substrates has been the basis for commercial enzyme preparations. 
Cellulase based applications have been developed in order to achieve for example  
energy saving in refining and improvement of drainage and beatability. (Viikari et al. 
2000, 69.) Pulp hydrolysing enzymes can be useful in the modification of pulp  
properties. The use of enzymes prior to refining has been studied widely, but still there 
is no frequent use of enzymes in paper mills (Paulapuro 2008, 130). 
 
Cellulases can have positive effects when low enzyme dosages are used and limited 
hydrolysis of fibre carbohydrates is carried out (Oksanen, Pere, Buchert and Viikari 
1997, 330). It depends on the enzyme how strongly it attacks on the fibre structure (Pau-
lapuro 2008, 131). Thus, the choice of the enzyme should be carefully thought through. 
It is also important to try to minimize the detrimental effects of enzymes on fibre  
properties and yield. All cellulases act on the same !-1,4-glycosidic linkage, but the 
type of cellulase, fibre and process phase used all have an influence on the obtained 
structural modification. It requires a profound understanding of the action between the 
different enzymes and pulps to develop the enzymatic fibre modification. (Viikari et al. 
2000, 69.) According to Viikari et al. (2000, 77) endoglucanases have shown to be  
efficient in fibre modification for improved beatability. The enzymatic treatment prior 
to beating enhances delamination of the fibre structure and therefore less mechanical  
action and less energy are required (Viikari et al. 2000, 77). 
 
There are studies about enzymatic treatment increasing the water retention value, which 
describes fibre swelling. For example according to Lecourt et al. (2010a, 441), the water 
retention value was increased by the cellulase treatment. The aim of the study was to 
examine three different commercial cellulase treatments on softwood bleached kraft 
pulp prior to refining. All three cellulase treatments increased the water retention value. 
An energy saving of 20 %, which was required for refining, was obtained with two  
cellulase treatments. A hypothesis was made that by generating weak kinks or points, 
endoglucanase activity weakens the fibre structure. Kim et al. (2006, 583) reported that 
cellulase treatment prior to refining resulted in a better water retention value. 
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7.3  Effects of cellulase on fibres 
 
According to Bajpai (2012, 166) mixtures of cellulases and hemicellulases mainly  
function by partial hydrolysis of the fines, brushing of long fibres and perforation of the  
fibres. Cellulases prefer attaching to fines more than to long fibres. The hydrolysis of 
fines increases drainage and hence reduces the vacuum requirement and steam load at 
the paper machine. Enzyme treatment also makes the fibre more flexible. Perforation 
improves the swelling of the fibres and promotes the internal fibrillation of the fibre. 
Eventually the long fibres collide with cellulases that damage the cellulose chains. As a 
consequence of the partial depolymerisation of cellulose chains, the external microfibres 
weaken. The fibres can now be refined with less energy. (Bajpai 2012, 166–167.) The 
use of enzymes leading to improved defibrillation can be seen in figures 6 and 7. 
 
 
FIGURE 6. Refining and biorefining of hardwood fibres (Bajpai 2012, 166) 
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FIGURE 7. Refining and biorefining of softwood fibres (Bajpai 2012, 167) 
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8  MATERIALS AND METHODS 
 
 
8.1  Preparation of pulp samples 
 
The pulp samples included non-treated samples, PFI mill treated samples and  
enzymatically treated samples. Non-treated samples functioned as reference material. 
Some samples were enzymatically treated prior to PFI mill treatment. 
 
 
8.1.1  Non-treated samples 
 
CTMP pulp sheets (30 g) were torn into pieces and put in a container for disintegration. 
Deionised water was used to give a total volume of 2000 ±!25!ml. The soaked portion 
was disintegrated for 40 000 revolutions of the propeller (figure 8). Deionised water 
was used to dilute the stock to give a concentration of 5 g/l. 
 
 
FIGURE 8. The disintegrator 
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8.1.2  PFI mill treatment 
 
The PFI mill treatment was performed according to ISO 5264-2 (2002). 30 g of CTMP 
pulp sheets were torn into pieces and put in a container for disintegration. Deionised 
water was used to give a total volume of 2000 ±! 25! ml. The soaked portion was  
disintegrated for 30 000 revolutions of the propeller. After disintegration, the pulp  
suspension was thickened on a Büchner funnel. Then the thickened pulp was diluted 
with deionised water to a mass fraction of 10 % stock. 
 
The pulp sample was transferred to the beater housing and distributed over the wall as 
evenly as possible (figure 9). Each type of the sample was beaten for 500 and 1000  
revolutions. After beating, the sample was diluted with deionised water to 2000 ±!25!
ml and disintegrated in the disintegrator for 10 000 propeller revolutions. Deionised 
water was used to dilute the stock to give a concentration of 5 g/l. 
 
 
FIGURE 9. The PFI mill 
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8.1.3  Endoglucanase treatment 
 
CTMP pulp sheets (30 g) were torn into approximately 1 cm
2
 squares and dropped into 
a glass beaker. Deionised water was added to give a total mass of 600 g, including the 
enzyme. The beaker was immersed in a water bath, which was heated up to 45 °C,  
under continuous stirring (figure 10). The pH of the pulp slurry was between 7 and 8 
and did not need any buffer solution. When the desired temperature was achieved, a 
calculated amount of endoglucanase was added to the homogenous slurry in the beaker 
and stirring was set to 150 rpm. The four different endoglucanase charges used were 0, 
10, 100 and 500 ECU/g pulp. 
 
 
FIGURE 10. Preparation of the samples using the enzyme 
 
The pH was verified regularly during the first 20 minutes after the enzyme was added 
and the temperature was kept constant. After a reaction time of one hour, the enzyme 
was deactivated by rinsing it with deionised water of 90 °C on a Büchner funnel.  
Deionised water was used to give a total volume of 2000 ±!25!ml and the pulp sample 
was disintegrated in the disintegrator. Deionised water was used to dilute the stock to 
give a concentration of 5 g/l or the pulp sample was prepared for the PFI mill treatment. 
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8.2  Determination of the water retention value 
 
 
The determination of the water retention value was performed according to ISO 23714 
(2007). The samples of the water retention value determination were taken from a 
stirred and diluted (5 g/l) stock. Determinations were carried out right after sampling. 
 
A moisten filter was put in a Büchner funnel and the suction was started. A calculated 
amount of sample was weighed and poured into the funnel (figure 11). When all the 
surface water had disappeared, the suction was stopped. The pad was removed from the 
funnel and placed in a test-pad holder. 
 
 
FIGURE 11. The Büchner funnel 
 
The next stage was to centrifuge the test pads. The test pad together with a complete 
test-pad-holding unit was placed in a carrier and onward in a centrifuge. A program 
with the temperature 23 °C, 4360 rpm and 30 minutes of centrifuging was  
chosen (figure 12). After the centrifuge had stopped, the test pads were immediately 
moved to preweighed weighing boxes (figure 13). The box and the pad were weighed 
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and placed in a drying oven and dried at a temperature of 105 °C overnight. They  
were allowed to cool to a room temperature in a desiccator and then weighed again. 
 
 
FIGURE 12. The centrifuge 
 
 
FIGURE 13. The test pads were moved to weighing boxes and onward to the oven 
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9  RESULTS 
 
 
9.1  Calculations for water retention values 
 
The results were calculated from equation (1). The field books and all the calculated 
water retention value results are presented in appendices 1–4. An example of the  
calculations is given below and all the other calculations are listed in table 1. The mean 
of the duplicates were calculated for non-treated samples (0 revolutions in PFI mill, 0 
ECU/g): 
 
 
 
The result is compared to a literature value in ISO 23714 (2007, 5) of   
(hardwood) or  (50 % hardwood + 50 % softwood) and a conclusion of a reliable 
result can be made. 
 
TABLE 1. The water retention value results of different numbers of revolution in the 
PFI mill and different enzyme charges 
No. of revolu-
tions 0 ECU/g 10 ECU/g 100 ECU/g 500 ECU/g 
0 1,23 g/g 1,32 g/g 1,45 g/g 1,29 g/g 
500 1,36 g/g 1,39 g/g 1,40 g/g 1,33 g/g 
1000 1,46 g/g 1,37 g/g 1,37 g/g 1,33 g/g 
 
 
9.2  Accuracy of measurements 
 
The accuracy of the measurements was performed using the minimum-maximum  
principle. It was taken account that the laboratory surroundings and the researcher  
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influenced the results. There were three weighings for each sample with the  
accuracy of ± 0,0001 g in the laboratory. The researcher might have caused an  
inaccuracy of ± 0,001 g. The accuracy, using the minimum-maximum principle, is  
calculated in grams per gram using the expressions below. 
 
           (2) 
           (3) 
 
in which 
 is the mass of the centrifuged wet test pad in grams, 
 is the mass of the dry test pad in grams and 
!m is the inaccuracy taken into account. 
 
The accuracy was calculated for each result from the equations (2) and (3). To give an 
example for CTMP 0 ECU/g, 0 revolutions in the PFI mill: 
 
 
The calculated maximum and minimum values are compared to the results in chapter 
9.1. Calculations for WRV:
 
 
 
 
According to the standard (ISO 23714 2007, 4) the results are rounded off to two  
decimals. In this case the result is 
 
The calculations are listed in table 2. 
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TABLE 2. The water retention value results for different numbers of revolution in the 
PFI mill and different enzyme charges. The accuracy of the measurements has been 
taken into account 
No. of revolu-
tions 0 ECU/g 10 ECU/g 100 ECU/g 500 ECU/g 
0 (1,23 ± 0,01)g/g (1,32 ± 0,01)g/g (1,45 ± 0,01)g/g (1,29 ± 0,01)g/g 
500 (1,36 ± 0,01)g/g (1,39 ± 0,01)g/g (1,40 ± 0,01)g/g (1,33 ± 0,01)g/g 
1000 (1,46 ± 0,01)g/g (1,37 ± 0,01)g/g (1,37 ± 0,01)g/g (1,33 ± 0,01)g/g 
 
There were several phases in the preparation of the pulp samples. This might have 
caused some inaccuracy in the results. It is likely that the filtration and the PFI mill 
treatment procedure caused some material loss because the fibres were to some extent 
spread out along the edges of the funnel and the beater roll. That loss is estimated to 
have been in total ! 4 %. The enzyme treatment included filtration and because the  
deactivation of enzymes was performed with warm water, the fibres were firmly  
attached to the filter cloth after the procedure. The fibres were carefully detached from 
the cloth, but it might have caused a material loss of ! 3 %. 
 
 
9.3  Analysis of the results 
 
Figure 14 shows the water retention value plotted against the number of revolutions in 
the PFI mill and the accuracy of measurements. 
 
 
FIGURE 14. Water retention value as a function of number of revolutions in the PFI 
mill 
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The PFI mill treatment of both 500 and 1000 revolutions increased the water retention 
value when there was no enzymatic treatment involved. As can be seen in figure 14, 
enzymatically treated samples without the PFI mill treatment increased the water  
retention value when enzyme dosages of 10 ECU/g and 100 ECU/g were used. In this 
case, there might have been an overdose with the enzyme dosage of 500 ECU/g.  
Enzymatic treatment prior to PFI mill treatment increased the water retention value 
when low enzyme dosages were used and moderate refining. 
 
Using an enzyme dosage of 10 ECU/g and 500 revolutions in the PFI mill, the water 
retention value increased. Having an enzyme dosage of 100 ECU/g and 500 revolutions 
in the PFI mill, the water retention value increased slightly compared to the result of  
10 ECU/g and 500 revolutions, but decreased compared with the enzyme dosage of  
100 ECU/g and no PFI mill treatment. An enzyme dosage of 500 ECU/g and 500  
revolutions in the PFI mill increased the water retention value compared to 500 ECU/g 
and no PFI mill treatment, but decreased it compared to 100 ECU/g and 500  
revolutions. 
 
Enzymatic treatment prior to beating of 1000 revolutions resulted in decreasing of the 
water retention value as can be seen in figure 14. An enzyme dosage of 10 ECU/g and 
1000 revolutions in the PFI mill decreased the water retention value. An enzyme dosage 
of 100 ECU/g and 1000 revolutions in the PFI mill kept the water retention value  
constant, but a combination of 500 ECU/g and 1000 revolutions further decreased the 
water retention value. 
 
As can be seen in figure 14, the enzyme dosage up to 100 ECU/g increased the water 
retention value. The enzyme activity is at its best at this dosage. In view of the literature 
review, the results were expected and well in line with previous studies. 
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10  DISCUSSION 
 
 
The objective of this bachelor´s thesis was to find out if enzymatic treatment of CTMP 
fibres has any effect on refining and water retention value. Endoglucanase was chosen 
as the enzyme based on literature research and discussions with the experts at Karlstad 
University Department of Chemical Engineering. The experimental laboratory work 
was carried out according to standardised methods for PFI mill treatment and  
determination of the water retention value (WRV) (ISO 5264-2 2002; ISO 23714 2007.) 
The laboratory work included researching the effects of different enzyme  
concentrations and refining on the water retention value. The results suggest that  
endoglucanase treatment has a positive effect on refining and the WRV-value. The  
findings indicate that endoglucanase treatment prior to water retention value  
measurements increases the WRV-value at low enzyme dosages. Beating the  
enzymatically treated fibres further increases the water retention value when low  
enzyme dosages and moderate refining are used.  
 
There are similar results in previous studies. For example Kim et al. (2006, 578!583) 
reported that cellulase treatment prior to refining resulted in a better water retention 
value and demonstrated the potential for energy saving in refining. The study differs 
slightly from this bachelor´s thesis: the refining was carried out using a laboratory  
valley beater instead of the PFI mill and measuring the WRV was performed using 
TAPPI Useful Method instead of the standard method. Oksanen et al. (2011, 787!789, 
794) investigated the dewatering characteristics of enzymatically treated  
thermomechanical pulp. The enzymes used in the research were endoglucanase,  
xylanase and mannanase. Retention times were longer than in this research and the  
emphasis was to some extent different. However, the results indicated that the  
maximum degree of carbohydrate hydrolysis was achieved in endoglucanase treatment 
and the greatest improvement in dewatering was obtained with a combined treatment of 
endoglucanase and mannanase. Lecourt et al. (2010a, 441!445) studied energy reduc-
tion of refining by cellulases. The apparatus used for refining was a disc refiner and the  
retention time was only 30 minutes. The water retention value was increased by the  
cellulase treatment and it can be concluded that cellulase treatment could save 20 % of 
energy needed for refining. 
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The similarity between the results of previous studies and the results of this bachelor´s 
thesis indicate the reliability and success of this research. The accuracy of the results 
was calculated using the minimum-maximum principle. 
 
The experimental laboratory work was carried out successfully but some ideas for  
development emerged. As paper is a hygroscopic material, the amount of water it holds 
depends on the relative humidity and temperature of the surroundings. It absorbs or 
gives up water until its moisture content is in equilibrium with its surroundings. This 
will cause differences in the results because the mode of working of people always  
differs to some extent as well as the conditions of the surroundings in respect to  
temperature and relative humidity. It is likely that the filtration in the Büchner funnel 
and the PFI mill treatment procedure caused some material loss, because the fibres were 
to some extent spread out along the edges of the funnel and the beater roll. The material 
loss was low but should, however, be taken into consideration. 
 
An interesting discovery was made: an enzyme dosage up to 100 ECU/g increased the 
water retention value. That knowledge could be useful for further research. To widen 
this project, different enzyme dosages and different retention times could be researched 
in order to find an efficient and cost-effective combination. The type of endoglucanase 
used in this study indicated encouraging results and so other types of fibre modifying 
cellulases could be researched. It would be beneficial to try to find an enzyme that is 
effective but also has an affordable price and easy availability.  
 
In addition to CTMP, other fibres that are used in tissue manufacturing ! hardwood, 
softwood, long-fibred, short-fibred ! could also be researched for enzymatic treatment. 
It has been suggested that short fibres are more susceptible to enzymatic treatment than 
long ones because they are exposed to the enzymes with a larger specific surface area 
(Pala, Lemos, Mota & Gama 2001, 274–279). The CTMP pulp had a neutral pH and did 
not need any buffer solution, even though some pulps have too a low pH for enzymatic 
treatment and therefore need an adjustment. 
 
It is important to evaluate the physical properties, required for tissue, after enzymatic 
treatment ! the advantages and disadvantages. Having a microscopic analysis would 
deepen the understanding of the chances in fibre structure. Different methods for  
dewatering could also be used.  
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This preliminary research encourages to carry on with the project. These studies have 
been carried out in a laboratory environment and the results were encouraging. It would 
be interesting to scale the experiments up to pilot mill trials. The estimation of the 
amount of energy, which could be saved by enzymatic treatment, still requires some 
more research, but was out of the scope of this study. Particularly, it is important to  
investigate how much water remains after vacuum dewatering and after pressing.  
Biotechnological methods in paper manufacturing have a potential for energy savings, 
less environmentally detrimental processes and more specific reactions. Enzymatic  
applications in papermaking are an extensive and important theme for research. Further 
research at Karlstad University is in progress. 
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APPENDICES  
Appendix 1. The field book of CTMP 0 ECU/g and the water retention value results 
No PFI mill treatment: 
Box no. mbox (g) mbox +wet pad (g) mbox+dry pad (g) WRV  (g/g) 
17 10,6566 12,3036 11,3951 1,2302 
5A 10,6601 12,2989 11,3952 1,2294 
20 10,6577 12,3799 11,4061 1,3012 
35A 10,6644 12,2203 11,3487 1,2737 
 
500 rpm in the PFI mill: 
Box no. mbox (g) mbox+wet pad (g) mbox+dry pad (g) WRV  (g/g) 
9A1 10,6406 12,3159 11,3563 1,3408 
35A 10,6615 12,2011 11,3149 1,3563 
13A 10,6554 12,0417 11,2428 1,3601 
7A 10,6499 12,1246 11,2707 1,3755 
 
1000 rpm in the PFI mill: 
Box no. mbox (g) mbox+wet pad (g) mbox+dry pad (g) WRV  (g/g) 
85A 10,6546 12,5300 11,4272 1,4274 
13A 10,6625 12,4269 11,3812 1,4550 
31A 10,6540 12,4390 11,3772 1,4682 
37A 10,7119 12,5275 11,4388 1,4977 
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Appendix 2. The field book of CTMP 10 ECU/g and the water retention value results 
No PFI mill treatment: 
Box no. mbox (g) mbox+wet pad (g) mbox+dry pad (g) WRV  (g/g) 
85A 10,6547 12,3775 11,3972 1,3203 
1A 10,7181 12,3130 11,3905 1,3720 
9A1 10,6548 12,2001 11,3194 1,3252 
5A 10,6590 12,2197 11,3133 1,3853 
 
500 rpm in the PFI mill: 
Box no. mbox (g) mbox+wet pad (g) mbox+dry pad (g) WRV  (g/g) 
89A 10,6655 12,1850 11,3001 1,3944 
90A 10,6585 12,2151 11,3045 1,4096 
20 10,6578 12,0712 11,2483 1,3936 
95A 10,6547 12,2001 11,2981 1,4019 
 
1000 rpm in the PFI mill: 
Box no. mbox (g) mbox+wet pad (g) mbox+dry pad (g) WRV  (g/g) 
95A 10,6548 12,2606 11,3353 1,3597 
89A 10,6617 12,3145 11,3667 1,3444 
5A 10,6622 12,3619 11,3792 1,3706 
97A 10,6600 12,3671 11,3657 1,4190 
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Appendix 3. The field book of CTMP 100 ECU/g and the water retention value results 
No PFI mill treatment: 
Box no. mbox (g) mbox+wet pad (g) mbox+dry pad (g) WRV  (g/g) 
76A 16,5161 17,6305 16,9838 1,3827 
97A 10,6567 11,7480 11,1022 1,4496 
34A 16,5526 17,6182 16,9814 1,4851 
75A 16,5209 17,5791 16,9520 1,4547 
 
500 rpm in the PFI mill: 
Box no. mbox (g) mbox+wet pad (g) mbox+dry pad (g) WRV  (g/g) 
7A 10,6546 12,2991 11,3630 1,3214 
87A 10,7555 12,2977 11,2987 1,3943 
115A 10,7155 12,1872 11,3296 1,3965 
31A 10,6534 12,0805 11,2429 1,4209 
 
1000 rpm in the PFI mill: 
Box no. mbox (g) mbox+wet pad (g) mbox+dry pad (g) WRV  (g/g) 
34A 16,5664 18,1663 17,2308 1,4080 
75A 16,5208 18,1725 17,2172 1,3718 
76A 16,5173 18,1862 17,2212 1,3709 
20 10,6562 12,3176 11,3638 1,3479 
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Appendix 4. The field book of CTMP 500 ECU/g and the water retention value results 
No PFI mill treatment: 
Box no. mbox (g) mbox+wet pad (g) mbox+dry pad (g) WRV  (g/g) 
9A1 10,6495 12,2851 11,3575 1,3102 
90A 10,6565 12,0762 11,2763 1,2906 
85A 10,6552 11,9483 11,2176 1,2993 
1A 10,7152 12,2533 11,3728 1,3390 
 
500 rpm in the PFI mill: 
Box no. mbox (g) mbox+wet pad (g) mbox+dry pad (g) WRV  (g/g) 
17 10,6584 12,2919 11,3607 1,3259 
9A 10,6625 12,2392 11,3414 1,3224 
35A 10,6626 12,2147 11,3292 1,3284 
13A 10,6682 12,1607 11,2864 1,4143 
 
1000 rpm in the PFI mill: 
Box no. mbox (g) mbox+wet pad (g) mbox+dry pad (g) WRV  (g/g) 
31A 10,6513 12,2200 11,3252 1,3278 
1A 10,7105 12,2725 11,3830 1,3227 
115A 10,7143 12,1191 11,3093 1,3610 
9A 10,6555 12,1211 11,2442 1,4896 
 
